Background. The study aimed to assess the risk related to consumption of low-fat dairy products by expectant and lactating women. Material and methods. A survey was used to verify the popularity of such products among expectant and lactating women and then the content of Cd and Pb in low-fat dairy products was determined. Results. In the group of expectant women consuming dairy products, nearly 93% of the respondents consumed low-fat dairy products, while among lactating women the result was 90%. Both the expectant and lactating women mostly preferred milk and fruit yoghurt. It was found that the studied low-fat products did not contain more Cd and Pb than their standard counterparts. Conclusion. Taking into account the intake of low-fat milk and dairy products declared by respondents, such products must be regarded safe in terms of Cd and Pb content. The maximum supply of Cd and Pb for both groups of women did not exceed 3% TWI and 2% BMDL 10 .
In Poland and in other European countries the energy value of a diet is normally higher than recommended by nutrition guidelines, which results in an increased percentage of overweight and obese people [Jarosz and Rychlik 2009] . As a consequence, for health reasons, it is necessary to reduce the consumption of high energy foods. Therefore, both consumers and dieticians have been increasingly interested in low-fat foods [Pirozzo et al. 2003 ]. Low-fat products available for sale are usually the counterparts of traditional food products. Studies show that low energy food products are very popular, in particular among young women [Flaczyk et al. 2006] . They most frequently choose dairy products, and especially yoghurts [Flaczyk et al. 2006] . Dairy products form an important element of the daily diets of Polish consumers with regard to high nutritional value, and in particular the content of complete protein and calcium [Górska-Warsewicz 2005] . Expectant women should consume at least 3-4 servings of 200 ml of milk a day [Waszkowiak et al. 2010] , while lactating women -3 servings [Wojtyła et al. 2011] . This product can be partially replaced by other dairy products [Waszkowiak et al. 2010] . Studies by Hyżyk and Sokalska INTRODUCTION www.food.actapol.net/ [2011] showed that in Poland pregnant women most frequently consume milk, yoghurts and cheese. The available literature does not contain any data regarding the popularity of low-fat dairy products in diets of expectant and lactating women, but supposedly women in those periods of their lives consume lowcalorie products to prevent excessive weight gain. In European countries low-fat dairy products are also recommended during pregnancy and in the period of lactation [Brantsaeter et al. 2012 , WHO 2001 .
Numerous data suggests that milk and dairy products can be a source of toxic metals for humans [Birghila et al. 2008 , Starska et al. 2011 . The content of metals in milk depends primarily on the environmental exposure of cows: complexes, formed by metals and organic matter, are assimilated by plants, which in turn are consumed by animals and penetrate into milk [Fels-Klerx et al. 2011 ]. The literature available both in Poland and throughout the world lacks the results of studies concerning the content of toxic metals in low-fat products. Considering that such products are very popular and can also be consumed by particularly vulnerable consumers, such as expectant and lactating women, they must be monitored for their toxic metals content -most of all cadmium and lead. The dynamically developing nervous system of the foetus and infant is most exposed to these metals which also disturb bone-forming processes [Sughis et al. 2011] , can inhibit intellectual development and cause anaemia and rickets [D'Souza et al. 2003 ]. Signifi cantly, a positive correlation between the concentration of toxic metals in children and the occurrence of autism has been observed [Bradstreet et al. 2003 ]. However, mother's milk can also be a source of heavy metals for an infant. The content of these elements in breast milk refl ects the level of environmental pollution and the woman's diet [Gundacker et al. 2002 , Nishijo et al. 2002 . The content of metals in food most often consumed by lactating women must be continuously monitored.
The study aimed to: 1) assess the popularity of low-fat dairy products among expectant and lactating women; 2) check whether they could be a signifi cant source of cadmium and/or lead since the author's survey demonstrated that such products were consumed by the defi nite majority of women.
MATERIAL AND METHODS

Survey
The survey was carried out in Lublin, Świętokrzy-skie and Łódź Voivodeships from May to June 2011. Data was collected from 674 expectant women (255 from Lublin Voivodeship, 235 from Świętokrzyskie Voivodeship and 184 from Łódź Voivodeship) and 725 lactating women (326 from Lublin Voivodeship, 280 from Świętokrzyskie Voivodeship and 119 from Łódź Voivodeship). The respondents were divided into 5 age groups: younger than 20, 20-25, 26-30, 31-35 and above 35 years of age (Table 1 ). An identical survey questionnaire for both groups of women consisted of 18 questions, mostly single-choice, but there were also multiple-choice questions. The questions referred to consumption of low-fat dairy products, among other things, the reasons for choosing this type of products and their preferred types. In addition, over seven successive days the women had to complete a table giving the size of servings of low-fat dairy products consumed.
Study material
The content of Cd and Pb was studied in 186 lowfat dairy products: 36 natural yoghurts, 41 fruit yoghurts, 12 kefi rs, 38 quark cheeses, 14 yellow cheeses and 45 samples of pasteurised cow's milk ( Table 2 ). The products were bought in food stores in Lublin, Kielce and Łódź in September and October 2012, still within their shelf-life. The samples were frozen at a temperature of -18°C until chemical analyses.
Chemical analyses
Thawed at room temperature, the samples were mixed manually. Afterwards, the samples of different consistency (quark cheeses and yellow cheeses and fruit yoghurts) were homogenised. Every sample was taken in three repetitions: with a volume of ca. 3 ml (milk) or weight of ca. 3 g (other products). The samples, dried at 65°C over the following 24 h and then at 105°C over 24 h, underwent combined mineralisation in a muffl e furnace at a temperature of 450°C over 12 h, using hydrogen peroxide as the oxidant. The resulting ash was dissolved in 1 M HNO 3 .
The content of Cd and Pb was determined by GF AAS technique in a Varian Spectr AA 880 apparatus dairy products by expectant and lactating women. Acta Sci. Pol., Technol. Aliment. 13(2), 213-223.
www.food.actapol.net/ *Total women eating dairy products was assumed as 100%. **Total women eating low-fat dairy products was assumed as 100%. ***Total women eating low-fat dairy products every day was assumed as 100%. www.food.actapol.net/ (atomisation in a graphite furnace, the Zeeman background correction, pure gas -argon). The content of Cd was determined at λ = 228.8 nm, with 4 mA and 0.5 nm spectral band pass (LOD 0.01 mg/kg, LOQ 0.02 mg/kg). The deviation of duplicate measurement was below 5.3%, the mean recovery rate was 96%. The content of lead was determined at λ = 217.0 nm, with 10 mA and 1 nm spectral band pass (LOD -0.209 mg/kg, LOQ -0.419 mg/kg). The deviation of duplicate measurement was below 5%, the mean recovery rate -95%. In order to make the calibration line, standard solutions of Cd and Pb were procured from Merck (Germany). Quality control of analytical measurements was performed using blank samples and certifi ed reference materials: IRMM-804 Rice Flour (Cd) and BCR-063R Skimmed Milk Powder (Pb).
Calculation and statistical analysis
The content of Cd and Pb in cow's milk was calculated per 100 ml, while in other samples -per 100 g of the product. Based on the declared maximum weekly intake of respective groups of products by expectant and lactating women (Table 3) , the daily supply of Cd and Pb was calculated. Based on the daily supply of Cd and Pb in the studied products, the TWI (Tolerable Weekly Intake) percentage was calculated for Cd and BMDL 10 (Benchmark Dose Lower Confi dence Limit) for Pb, assuming respectively 2.5 μg/kg of body weight/week [EFSA 2012 a] and 4.4 μg/kg of body weight/week (0.63 μg/kg of body weight/day) [EFSA 2012 b] . The average body weight declared by the respondents -73 kg during pregnancy and 60 kg during lactation -was used in the calculation. The results were analysed with the use of STA-TISTICA 6.0 software.
RESULTS
Expectant women
On average, 98% of expectant women taking part in the study consumed dairy products, out of which nearly 93% of respondents admitted choosing low-fat dairy products (Table 1) . Nearly all women younger than 20 and aged 20-25 declared they consumed lowfat products. Women aged 31-35 (87% of the respondents) least frequently declared choosing such products. On average, 28% of the respondents consumed low-fat products every day, and 55% declared consuming 3-4 servings per day. Expectant women consumed such products primarily in order to prevent excessive weight gain (94% of answers) and due to their favoured taste (indicated by 55%; Fig. 1 ). A few other answers mentioned commercials, common trends and attractive packaging. Regardless of their age, women most often www.food.actapol.net/ declared choosing fruit yoghurts. Also, products such as milk and quark cheese were very popular (Fig. 2) . Women who did not consume dairy products (2%) claimed they did not like the taste of this food.
Lactating women
On average, 68% of lactating women declared that they consumed dairy products (Table 1) . In this group, low-fat products were consumed by 90% of women aged 20-25 and over 35 years of age, including 40% women eating such products every day. In the whole studied population, 79% of the respondents consumed low-fat products, including 32% of women consuming them every day (56%, 3-4 servings per day). Most frequently, the reason for consuming such products was the intention to lose weight (97% of answers) and favoured taste (65%) (Fig. 1) . The women preferred fruit yoghurts, quark cheese and milk (Fig. 2) . Women, who did not consume dairy products (32% of the respondents) pointed exclusively to the risk of cow's www.food.actapol.net/ milk protein allergy occurring in the infant or were themselves allergic to cow's milk. Table 3 presents the content of Cd and Pb in the studied low-fat dairy products. The highest content of Cd was found in fruit yoghurt -more than 0.5 μg/100 g of fresh weight, and in quark cheese and yellow cheese -about 0.3 μg/100 g. The least Cd was found in natural yoghurt (ca. 0.15 μg/100 g) and milk (less than 0.1 μg/100 g). The highest content of Pb was identifi ed in quark cheese (0.79 μg/100 g) and yellow cheese (1.43 μg/100 g), while the least Pb was found in milk (ca. 0.42 μg/100 g). The safest products in terms of the content of both toxic metals were natural yoghurt and milk.
Content of Cd and Pb in low-fat dairy products
Intake of Cd and Pb with low-fat dairy products
The weekly supply of metals was calculated (Table 4) taking into account the weekly intake of the studied products, as declared by the respondents, and the average content of Cd and Pb in such products (determined by chemical methods). The maximum intake of products declared by both expectant and lactating women was used to assess the risk. It was found that the intake of the studied low-fat dairy products would not cause the tolerable safe intake level of Cd and Pb to be exceeded. The least amount of Cd is supplied with kefi r (for expectant women it is 0.17% TWI, and for lactating women -0.31% TWI) and yellow cheese (0.17% TWI for expectant women and 0.41% TWI for lactating women). The highest amount of Cd can be supplied to both expectant and lactating women with fruit yoghurt (ca. 2.3% TWI and 3% TWI, respectively), while to lactating women -fruit yoghurt and quark cheese (more than 8% TWI). The highest% BMDL 10 of Pb in both groups of women was identifi ed in the case of fruit yoghurt consumption (ca. 1.5-2.0%), and the lowest in the case of yellow cheese (ca. 0.3% -expectant women and 0.7% -lactating women) and kefi r (0.3% -expectant women and 0.6% -lactating women). 
DISCUSSION
Milk and dairy products should be consumed by expectant and lactating women mostly because such products are the fundamental and a very good source of calcium both for the woman and the baby [Waszkowiak et al. 2010] . Expectant and lactating women have an increased requirement of calcium [Sobczak and Jabłoński 2007] . Laskey et al. [1998] demonstrated that already after 3 months of lactation the level of calcium in the bones of women decreases, which is connected with the penetration of this component into milk. Thus, the intake of calcium and Vit. D, both with food and food supplements, should be increased. Studies by Bachanek and Nakonieczna-Rudnicka [2009] showed that 92% of expectant women declared they regularly consumed dairy products. According to Godala et al. [2012] only less than 2% of expectant inhabitants of Łódź did not consume milk and dairy products. Similar effects were observed by Wojtyła et al. [2011] . According to the author's own studies, on average 98% of expectant women and 68% of lactating women declared that they consumed milk and dairy products, including more than 90% of expectant women and nearly 80% of lactating women consuming low-fat products. Expectant and lactating women consumed these products due to their reduced energy value, thus in order to prevent excessive weight gain. The studies revealed a close relationship between consuming considerable amounts of full-fat dairy products and excessive BMI, while consuming low-fat dairy products had the opposite effect [Snijder et al. 2007 , Beydoun et al. 2008 . In addition, dairy products are one of the fundamental sources of unsaturated trans fatty acids in the human diet [Combe et al. 2000] which are particularly hazardous for the foetus and infants [Jamioł-Milc et al. 2010] ; thus, partial removal of fat simultaneously reduces the amount of trans acids.
Fat is the carrier of taste [Sasaki et al. 2007] , so products from which fat was partially or wholly removed are usually characterised by weaker sensory values compared to their traditional counterparts. Studies by Jaworska [2007] showed that the level of acceptance of low-fat quark cheese among consumers was signifi cantly lower. Also, Kaminarides et al. [2007] found that yoghurts produced from lowfat milk were characterised by weaker organoleptic properties than yoghurts produced from milk containing more fat. In the author's survey 55% of expectant women and 65% of lactating women claimed that lowfat products have a very favourable taste, not worse than that of traditional dairy products.
The most popular dairy products among different groups of people are cow's milk and yoghurts [Waszkowiak et al. 2010 , Winiarska-Mieczan et al. 2007 ]. Also, the author's survey showed that both expectant and lactating women mostly preferred milk and fruit yoghurts. The eagerness to consume yoghurts was probably a result of their taste but it can be also attributed to the fact that they are carry-away foods which can be easily taken, for example, to work or for a walk. Yoghurts, which are fermented products, reduce the absorption of cholesterol and increase the bioactivity of calcium, which is better absorbed in an acidic environment [Pfeuffer and Schrezenmeir 2007] .
It was found that the studied low-fat products did not contain more Cd and Pb than their standard counterparts from Poland and other countries (Fig. 3) . The literature available both in Poland and throughout the world lacks the results of studies concerning the content of heavy metals in low-fat products. However, Enb et all. [2009] found that in processed cow's milk and buffalo milk containing more fat (butter, cream) the concentration of Cd and Pb was higher than in products containing less fat (yoghurt, milk). Opposite results were obtained by Radzymińska et al. [2008] , who claimed that the smallest content of Cd and Pb was found in butter. However, the results obtained by the above-quoted authors are not suffi cient to determine a relationship between the content of fat in foodstuffs and the content of toxic metal in them. Studies to be carried by our team in the future will compare the content of toxic metals in low-fat dairy products and with that in their traditional counterparts. The author's own studies revealed that quark cheese and yellow cheese contained the highest amount of Pb. The fi ndings of Starska et al. [2011] , who studied products with standard fat content, were similar. In the author's own studies the safest products in terms of the content of these metals were natural yoghurt and pasteurised milk. The studies involving Romanian products with a standard content of fat, carried out by Dobrinas et al. [2010] , revealed that the lowest amount of Cd and Pb was contained in pasteurised dairy products declared by respondents, such products must be regarded as safe in terms of Cd and Pb content. The maximum supply of Cd for both groups of women did not exceed 3% TWI, while that of Pb -2% BMDL 10 . Dairy products, and mostly low-fat products, should be promoted among expectant and lactating women. At the same time, it must be remembered that defatted dairy products are completely devoid of fat, so they also lack lipophilic vitamins, mostly vitamin D which is responsible for the correct intestinal absorption of calcium [Sunyecz 2008 ]. Conventional wisdom should not equate low-fat products and defatted products. milk, whereas fruit yoghurt contained more cadmium than natural yoghurt (on average 0.115 mg vs 0.259 mg/kg). Polish studies showed that milk and dairy products are safe for consumers in terms of toxic metals content [Starska et al. 2011 , Gabryszuk et al. 2008 .
CONCLUSION
Based on the author's own fi ndings, it can be claimed that the studied low-fat products did not contain more Cd and Pb than their standard counterparts. Taking into account the intake of low-fat milk and ) and standard dairy products, μg/100 g: a - Dobrinas et al. 2010 , b -Starska et al. 2011 , c -Szkoda and Żmudzki 1996 ND -not detectable, nd -no data;  
